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808• I.

Some Effects of Louse-Borne Relapsing Fever on the
Function of the Heart

E. H. 0. PARRY, M.D. Clinical, electrocardiographic and hemodynamic studies were made in thirty-
Zaria, Nigeria one patients with louse-borne relapsing fever in Ethiopia; more detailed physio-
D. A. WARRELL, B.M.* logic studies were made in a further nineteen patients. Evidence of an abnormal
London, England myocardium was obtained and transient acute cor pulmonale was found to
P. L. PERINE. M.D. occur after the reaction to treatment.
Addis Abeba, Ethiopia No simple correlation could be established between clinical signs and elec-
D. VUKOTICH, M.D. trocardiographic and hemodynamic evidence of myocardial damage. A statis-
A. D. M. BRYCESON, M.B. tically significant correlation was found between prolonged QT, and relative

London, England acidenla before treatment and between T wave abnormalities and hypocapnia

during the chill phase of the febrile reaction following treatment.

Louse-borne relapsing fever, an endemic disease in the highlands of Ethiopia,
has been known to affect the heart both from clinical [1,2] and pathologic

[3,4] studies; although myocarditis has been seen at necropsy, most emphasis
has been given to endocarditis.

When spirochetes of Borrelia recurrentis disappear from the blood after
treatment with tetracycline, there is a brisk arterial pressor response,
tachypnea, tachycardia and an increase in body temperature [5]. After this
reaction to treatment some patients have a high central venous pressure, which

may be lowered by the administration of digoxin, a gallop rhythm and a pro-
longed QTc interval in the electrocardiogram [6]. Although spirochetes are

cleared from the peripheral blood by a curative dose of penicillin or tetracy-
cline, some patients die suddenly on the first and second days of treatment.
We wondered whether these early deaths could be related to the histologic

evidence of myocarditis and the clinical'signs of an abnormal myocardium.
We therefore studied the function of the heart in more detail; we were also
able to investigate the relationship between changes in blnd gas tensions and
acid-base balance and electrocardiographic patterns. The results of these
studies, and fresh evidence about the effect of Ethiopian louse-borne re-

lapsing fever on the heart, are given.
From the Department of Medicine, Haile Sellas-
sie I University, Addis Abeba, Ethiopia; the PATIENTS AND METHODS
Ahmadu Bello University, Zaria, Nigeria: the Fifty patients with louse-borne relapsing fever were studied. They were part of a larger
Hammersmith Hospital, London W. 12, series reported elsewhere [7]. The diagnosis was made by finding spirochetes of B. re-
England: the U.S. NaunL MadicaL Rmarch currentis in the peripheral blood. Every patient was treated with tetracycline, 250 mg
Unit Qo. 3, Field Fogg-ibf.ddis Abeba, Ethiopia; by intravenous injection.
St. Paul's Hospital, Addis Abeba, Ethiopia: and Of these fifty patients, thirty-one (group I) were studied simply at the Ledside with
the Institute of Dermatology, St. John's Hos- technics described previously [5]. A standard 12-lead electrocardiogram was taken
pital for Diseases of the Skin, London E. 9, at least once in every patient, using a Cambridge Transrite III machine. The records
England. Requests for reprints should be were examined by one observer and verified by a second. The Minnesota code was not
addressed to Dr. D. A. Warrell. Manuscript used. The mean frontal plane QRS axis was determined in the conventional way.
received December 8, 1969. The remaining nineteen patients (group II) were studied in greater detail by methods
"* Present address: Basic Science Building, described fully elsewhere [8]. On admission, blood was sampled for measurement of
Room 5039, Department of Medicine, School serum electrolytes and blood urea nitrogen by spectrophotometer. Rectal temperature
of Medicine. University of California, San Diego, (T,) was measured continuously with an electronic thermometer (McDonnel, London,
La Jolla, California 92037. Type !X3). Brachial artery (PE 60) Fnd right heart (PE 160) polyethylene catheters
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CARDIAC EFFECTS OF LOUSE-BORNE RELAPSING FEVER - PARRY ET AL.

were introduced using the Seldinger percutaneous technic and were
connected tc saline-filled manometers. The position of tha tip of the
cardiac catheter was judged by observing the height of the saline
column and the characteristics of the transmitted pulsation. No
portable x-ray or screening facilities were available, but in five
patients the catheter was advanced into the pulmonary artery. Mean
pressures in the brachial artery (0,,) and right side of the heart
(right ventricle P.,, or pulmonary artery P,,) were r.4d at fifteenminute intervals from the saline manometers using the sternal angle•

(at + 5 mm Hg relative to mean atrial pressure) as reference .--

point with the patients lying supine,
Before treatment and during the reaction after tetracycline in-

lecTion, arterial blooo was drawn anaerobically into heparinized
syringes and was analyzed immediately for oxygen tension (Pao,),
carbon dioxide tension (Paco.) and pH using Radiometer electrodes.
pH values were converted to hydrogen ion concentration (HWa).
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Figure 1. Electrocard.c from a twenty-four year old man who
died from louse-borne relapsing fever. Marked prolongation of the
QT, interval is illustrated.j

- 2 H OUIRS

CRISIS 6
+2 HOURS Figure 3. Serial posteroanterior chest roentgenograms taken on

the first, third and sixth (1, 3 and 6) days after treatment from
Figure 2, Electrocardiogram from a patient with louse-borne a patient with louse-borne relapsing fever illustrating decrease in
relapsing fever illustrating the occurrence of multiple ventricular cardiac size and disappearance of pulmonary edema between the
ectopic beats before, during andafterthe reaction to treatment (crisis). second and sixth days after treatment.

VWoim. 49, Oct"ber 1970 473
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SEIL iFEIU
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so

so - 1AFigure 4. Rectal temperature (T2) and bra-
chial arterial mean pressure (P0,,) in a patient

I H AFTER ONSET with louse-borne relapsing fever illustrate the
OF CHILL fall in systemic arterial pressure after the

Is .febrile reaction to treatment. The hatched'T iarea represents the duration of rigors.

IV TETMACiW CHILL FLUSH RECOVERY

The 95 per cent confidence limits for the estimations in this lab- grams were taken before treatment, on the day after treatment
oratoryarePo,0 0.74mm Hg, 0C• ± 0.52rmm HgandpH ±0.008 and subsequently when required.
units. These values were corrected from the temperatures at wh,'.h
they were measured (37°C) to the body temperature (Tj) when STATISTICAL METHODS
blood was sampled [8]. In seventeen of the nineteen patients in group II, the correlation

A 12-lead electrocardiogram, was taken at the time blood was of five of the most important physiologic variables (T,, heart rate,
sampled before treatment, during the rigors at the height of the Pa.Co, Pa., and H+a) individually with each of the three most com-
febrile reaction, during the hypotensive (flush) phase which fol- mon electrocardiographic abnormalities (abnom.3l T waves, S-T
lowed, on the next day and, in a few patients, at intervals during segment depression and prolonged QT, interval) before treatment
the next week. and during the rigors was tested for statistical significance as

Whenever possible, standard posteroanterior chest roentgeno- follows. The patients were divided into two groups according to the
presence or absence of each of these three electrocardiographic
abnormalities. For each of the abnormalities the two groups were
then compared for each of the five physiologic variables using
an unpaired Student's t test.

RESULTS
Evidence of an abnormal myocardlum. Electrocardiographic:

in six patients (five of the six also had a prolonged QT, inter-
0 oval). Complete right bundle branch block developed at the

time of the reaction to treatment in one patient, and partial
right bundle branch block was seen in two patients. In all
three, conduction was normal on the next day. The QT,

,o- T 0 interval was prolonged beyond 0.42 second in men

and 0.43 second in women in nineteen patients. The three
patients in this series who died all had a substantially pro-I longed QT, interval (Figure 1). In most of these nineteen

1.,or , , - patients a prolonged QTc was seen throughout the first

day; in a few, it developed after the reaction to treatment.
I In two patients it persisted to the fourth day and in one

. 0 a a other patient to the third day.
01*1101,1 FROM 01,Aa,",OF iM -. tS In no patient was an atrial arrhythmia recorded, but

riguwe 5. Central venous pressure recorded ,, five patients ventricular ectopic beats, numerous around the reaction to

with louse-borne relapsing fever illustrates the rise in pressure treatment, were recorded in four patients (Figure 2), all of
afterthereactiontotreatmentwithtetracycline(T). Digoxin(D), whom had a r ,longed QT, interval.
I u ,1 

w64 6,v#' k- imtn..,aOu. :aject;... 
to three of the '!10'12' rltor c,,"Is wa,•. "e.rd im' tcventeen patients

patients. at some stage during the first day, but they were often dif-

474 The Aw.Icw Jounal of l1leIet



CARDIAC EFFECTS OF LOUSE-BORNE RELAPSING FEVER - PARRY ET AL

ficult or impossible to time because the . rate was so TABLE I Association Between Clinical. Electrocardiographic and
rapid. In two patients a gallop rhythm was first heard six Hemodynamic Signs in Fifty Patients with Louse-Borne

to eight hours after the reaction to treatment. Relapsing Fever

Two patients had roentgenologic evidence of cardiac en- Acute R Rise of Rise of Fill of G•lop
largement. Both had pulmonary edema; in one of the two, the oda (EKG) TPA UP f&A RhtM
chest roentgenogram did not become normal until the sixth QT, prolonged 4 1 4 9 7
day (Figure 3). Acute R (EKG)* 2 1 7 7
Hemodynamic: In all but twelve patients the arterial pres- Rise of PA,, - 1 -

sure fell substantially after the reaction to treatment. Systolic Rise of CVPt 5 3
pressures of around 70 mm Hg were often found at this Fall of PS, 12
phase. When the systolic pressure was low, the diastolic pres. *Acute R was considered to be pres 3nt if two of the electrocardio-
sures were difficult to define as sounds could be heard down graphic criteria shown in Table II were found together.
to zero in many patients. In the nineteen "patients, however, tCentral venous pressure.
in whom the mean arterial pressure (PAA) was recorded, the
lowest levels (range 36 to 71 mm Hg) were recorded two to
nine hours after the peak of the reaction (Figure 4). nis condition improved only when he was given digoxin and

The changes in central venous pressure were of two types. forced to sit up. Throughout all this the arterial pressure rose
First, at or around the reaction to treatment in two to 72/52 mm Hg.
patients it fell but rose again to its original level after four Relationship between signs and measurements of myocardial
hours. Secondly, at about four hours after the reaction in damage: Table I shows the associations between signs

six patients the central venous pressure rose abnormally and hemodynamic changes. I t is difficult to draw any definite
and reached its peak at about the sixth hour. Digoxin, 1.0 mg conclusions from this table except perhaps to state that no
by intravenous injection, was giver" to three of the six and in one clinical sign was found to be a reliable guide to any po-
all the central venous pressure fell quickly (Figure 5). The tential hemodynamic change.
drug was not given to the other three because at the time they PathologIc anatemy: The results of our pathologic studies
were studied the significance of the high central venous are reported elsewhere [9]. Postmortem ex ,ination was
pressure was not understood, performed in two of the three patients in this series who

One patient whose systemic arterial pressure had fallen died after treatment. The postmortem findings were similar
to 60/40 mm Hg was given an intravenous infusion of 600 in both cases. The hedrt was normal in size and weight.
ml of Peristonoýwr forty-five minutes in an attempt to raise The serosal membranes contained numerous petechial
the arterial pressure. The result was nearly disastrous; he be- hemorrhages. Microscopic examination revealed a diffuse
came distressed and breathless; his jugular venous pressure interstitial edema with a low grade round cell infiltrate con-
at 45 degrees rose to the angle of the mandible; a gallop sisting mainly of small lymphocytes, plasma cells and his.
rhythm and crepitations in both lung fields was heard; and tiocytes. There were focal areas of myocardial degeneration

I III I

CRISIS =T•-. -+- -1 +. -
HOURSI S -

+2

D AY ., :r ' e ,. .... .. ........ . • .. ........

Figuro 6. Eimtrocardiogram from a patient
with lous-borne relapsing fever showing 7
the appearance of 5mm Pwave after the re.
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: •aVR I 1V
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i'

Figure 7. Electrocardiogram from a seven-
aVFIII teen year old girl with louse-borne relapsing

fever and pulmonary edema (Figure 3)illustrating change in electrical axis from

+ 135 degrees to normal between the second
and sixth days after treatment.

and interstitial hemorrhage. Cells with typical Anitschkow normal electrocardiogram. In the one whose PP, rose to 34
nuclei were present in most sections. These changes could mm Hg two and a half hours after the rigors, the P wave
be described collectively as interstitial myor-arditis with focal increased to 3 mm between two and six hours after the rigors.
m'iyocardial necrosis. In a second, there was a shift of electrical axis and clockwiEz
EvidenceofAcuteRightHeartChanges. Electrocardiographic: rotation; and in the third, inverted T waves appeared in the
In five patients a tall peaked P wave of 3 mm or more was anterior chest leads, particularly over the right ventricle,
seen (Figure 6); in one patient the P wave measured 5 mm. after the peak of the reaction, but these had become nearly
The electrical axis changed in seventeen patients. At or soon upright by the next morning.
after the crisis the mean QRS axis was to the right (>90 Association between eecrocardlogmaphic and hemodynamic
degrees) compared with the mean QRS axis before or after data: The relationships are shown in Table Ih. Again there
the reaction to treatment. One patient who had pulmonary is no constant pattern of relationship between the different
edema had an axis of + 135 degrees on the day after treat- variables.
ment, and this returned gradually to normal (Figure 7). Relationship Between Electrocardiographic Changes and

A secondary R wave of 2 mm or more was seen in lead aVR Physiologic Disturbances. Comparisons of values for T1 ,
in thirteen patients; in those in whom follow-up cardiograms heart rate, Pa, Pa., and H~a in patients with and without
were taken it became less, or (4ii-orpeared. ec f ~ ai ainswt n ihueach of three electrocardiographic abnormalities (abnormal

Deep S waves in the left precordial leads, V, and V,, were T waves, S-T segment depression and QT, prolongation) be-
seen in thirteen patients. These became smaller or disap- fore treatment during the rigors achieved levels of sta-
peared during the first week in the patients who were fol- tistical significance greater than 10 per cent (i.e., p< 0.1)
lowed up. in only two instances: before treatment five patients with

Widespread changes in the T waves were seen often. prolonged QTc intervals had 3 mean H+a of 43.a nM/L
Inverted T waves over the right ventricle (leads V, through (standard deviation [S.D.] t 5.1) whereas twelve ,--tients
V,) have been considered as possible evidence of acute right with normal QT, intervals had a mean H+a of 39.7 nM/L
heart change. Such T wave changes were found on the day (S.D. ± 2.2) p - 0.054 for 15 degrees of freedom; during
of treatment in five patients and on the day after treatment the rigors fourteen patients with abnormal T waves had a
in one. Two of the five no longer showed inverted T waves mean Paco of 25.2 mm Hg (S.D. ± 2.2) whereas three pa-
on the second day. tients with normal T waves had a mean Pa 0, of 31.2mm Hg
Hemodyaminc: A fall in Pp,, during the rigors, with a subse- (S.D. ± 6.0) p - 0.007 for 15 degrees of freedom.
quent rise above the pretreatment level, was recorded in all None of the patients in this series showed abnormalities
sive ot the patients in whom repeated measurements were of serum electrolytes which could have explained their ab-
possible (Figure 8). P,, reached its maximum (range 18 to thormal electrocardiogram.
34 mm Hg) two and a quarter to three and three-quarter
hours after the rigors. No gallop rhythm was heard in any of COMMENTS
these five patients, and in all of them P,, had begun to As there are such distinct changes in the myocardium of
fall towards the pretreatment level four hours after the peak patients who die with relapsing fever, it is perhaps not sur-
of the reaction. prising that there is substantial electrocardiographic evidence

The three patients whose P,, rose highest all had an ab- of this "myocarditis." We have previously mentioned the pro-

476 TM' Ammr41om Joll l of Model.m
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longed QT, in the electrocardiogram [6]; our present study T2

amply confirms this. Similar changes have been described in
leptospirosis [10].

It is relevant to note that all the potients who died had a
prolonged QT,, and we suggest that the interval should be
measLred in every patient with louse-borne relapsing fever,
both before and during treatment. The S.T segments and T 38

waves were superficially normal in six of our patients with 25

an alarmingly long QT,, so one could easily be deceived by c

these cardiograms of infection. But we have not been able to
find any consistent association between a prolonged QTc and J
conventional clinical signs of myocardial damage; of the
two patients with roentgenologic pulmonary edema, only oneP'
had an abnormal QT,; gallop sounds, also, were an unreli-
able sign and we,'e, for example, absent in four patients
and present in only three of those in group II with a pro-
longed QT,. There was no evidence of persisting myocarditis
in the patients who survived. The myocarditis could be in-
criminated as an important cause of the low systemic arterial
pressure which was almost invariable about four hours after 125

the reaction to treatment.
Tý . io ojiuab dor tu~sl syste~nic vascular resistance ob-

tained by Warrell et al. [8] are probably explained by renal
and splanchnic vasodilatation caused by pyrogen. This I
mechanism is chiefly responsible for the low arterial pressure,

but myocardial damage and other factors, such as extra.
cellular fluid volume depletion due to fever, may contribute =
and may precipitate irretrievable hypotension. These patients
must maintain a high cardiacoutput, usuallyabout8L /minute,
throughout the phase of systemic vasodilatation in order to
preserve a reasonable blood pressure [8]. a

Raised body temperature and a variety of electrolyte -2 o 2 4 6 a
and acid-base disturbances have been associated with electro- IouRS FROM DISAPPEARANCIE OF SPIROO•l•.s

cardiographic abnormalities, but, as fever is so physiologically Figure S. Rectal temperature, pulmonary artery mean pressure,

,.ompiex, it is difficult to attribute particular electrocardio- heart rate, systemic arterial pressure (systolic/diastolic) and respira-
graphic abnormalities to changes in any single variable, tory rate in a patient with relar-.iing fever given tetracycline (T)
Freedberg et al. [11] described flattening or inversion of illustrating the rise in pulmonary artery pressure during the flush
the T wave and S-T segment depression in subjects made phase of the febrile reaction to treatment.
febrile by injection of typhoid vaccine, but these changes may
have been due to the respiratory alkalosis and tachycardia
which accompany fever rather than to a distinct effect of

elevation of temperature on the myocardium. In seventeen
of our patients with relapsing fever we have tested for statis-

TABLE II AssociationBetweenElectrocardiographicandHemody- tical significance the correlation between the three most
namic Data in Fifty Patients with Louse-Borne Relapsing common electrocardiographic abnormalities (prolonged
Fevc. QT,, T wave abnormalities and S-T depression) and five im-

S Waves portant physiologic viriables (Pao2 , Paco0 , Wa, T, and heart

Axis to in Leads I in Lad T Inverted Rise o rate). The only statistically significant correlations were

Data Right V, -- V, aVR Leads V, -V, P,," between prolonged QT, and a relatively low blood pH before
treatment, and between T wave abnormalities and hypocapnia

P wave 3 1 1 1 1 during the chill phase of the febrile reaction. A cause and
Axis to right 6 3 2 4 effect relationship between the physiologic and electro-
S waves in leads cardiographic abnormality is by no means established. For

vR-v. 5n- 2 1 example, the combination of low Paco, and normal or high

T inverted in H*a in the patients with prolonged QT, implies that a meta.

Leads V,-V, bolic acidosis was present in addition to respiratory alkalosis
[8J. Prolonged QT, provided evidence of myocardial damage

*Measurerments of PA made in only five patients. which, by impairing cardiac output, may have caused the

Volume 4b. rctebsw 1970 4i7
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acidosis. The literature is fuH of un'ounded correlations in the blood of patients with louse-borne relapsing lever when
of this sort. It seems more likely that the observed changes spirochetes disappear [15] and is known to produce changes
reflect the interaction of .,•.:,,y different physiologic changes in pulmonary artery pressure similar to those observed in
on the myocardium. our patients [16,17]. Fourthly, the high altitude of Addis

The hemodynamic evidence of a raised PA after the re- Alkeba (7,500 feet) and the respiratory disturbances o )served
action to treatment and the electrocardiographic evidence in our patients raise the possibility of acute high altitude cor
of right-sided changes are very interesting. The electrocardio- pulmonale. There was, however, no fall in Pao, or calculated
graphic changes are not as marked as are seen in some cases alveolar Po, throughout the reaction, and the inhalation of
of acute cor pulmonale, but the shift of electrical axis, the 100 per cent oxygen did not prevent a characteristic in-
clockwise rotation, the R wave in lead aVR, the P pulmonale crease in pulmonary artery pressure after the chill in one
and the inverted T waves over the right ventricle are still patient [8]. High altitude pulmonary hypertension has been
good evidence of acute cor pulmonale. The T wave changes observed during exercise in residents at altitudes of 8,000
in the right precordial leads are less reliable, however, as feet and above (18], and since the physiologic changes of
they have been found often in healthy normal young Ethi- high fever resemble those of exercise [19] it remains pos-
opians [12] and are well known in other African countries as sible that this was the mechanism of our patients' right
a normal electrocardiographic variant [13]. Clinically, we have ventricular strain.
not relied on the difficult sign of an accentuated pulmonary The many speculative hypotheses which we have pro-
closure sound because of the ease of observer er, or, although posed to explain our findings of cardiovascular changes in
some of us recorded this sign during our prolonged clinical relapsing fever show that it is impossible to define the
studies. separate effects of fever, endotoxin and myocardial damage.

There are four possible explanations for this transient "cor Whatever these individual effects may be, it is certain that
pulmonate." First, in one patient the acute right-sided themyocardium isolten seriously affected and that profound
changes, most obvious when she had severe pulmonary hemodynamic changes occur in both the pulmonary and
edema, disappeared as her pulmonary erlema cleared. A systemic circulations. Ideally, treatment should include
possible but not wholly satisfactory hypothesis is that left nursing the patient lying flat to maintain systemic arterial
ventricular myocardial damage leads to a high end-diastolic pressure, a continuous infusion of isotonic saline solution
pressure and the inevitable pulmonary venous and arterial to maintain the extracellular fluid volume, monitoring the
hypertension. In rare cases frank pulmonary edema occurs; electrocardiogram for runs of ventricular ectopic beats,
in most others the increase in pulmonary arterial pressure giving 100 per cent oxygen to prevent lactic acidosis [8],
is sufficient to affect the electrocardiogram transiently, but digoxin to support the myocardium and keeping the patient
no more. Secondly, an entirely speculative but attractive hy- at rest in bed until the OT, in the electrocardiogram has
pothesis is that microemboli block the pulmonary vascular returned to normal.
bed. These microerrtc!i •night consist of clumped spirochetes
which can be seen in the blood films about the time spiro- ACKNOWLEDGMENT
chetes begin to disappear before the reaction to treatment, or We are grateful to Miss Helen M. Pope and Mr. E. E. Davies
they might be fibrin particles formed by disseminated intra- for their technical and statistical help in this study. The work
vascular coagulation [14]. There iq no evidence that platelets was generously supported by the Wellcome Trust: additional
aredestroyedduringthereactiontotreatment[14], andsowe support was given by Work Unit MR 005. 20-0178 Bureau
cannot postulate that 5-hydroxytryptamine, for example, of MedicineandSurgery, Navy Department, Washington, D.C.,
liberated from these cells, causes the oulmonary hyper- but opinions and assertations contained in this article are
tension. Thirdly, it is possible that endotoxin released by our private ries and are not to be construed as official or
disintegrating spirochetes may increase the pulmorary as reflecting the views of the U.S. Navy Department or the
artery pressure. Endotoxin is present in high concentrations Naval Service at large.
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